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Introduction
Tris-dioximate metal clathrochelates [1, 2] are the threedimentional macrobicyclic complexes with an encapsulated metal ion, possessing the specific geometry of their MN 6 -coordination polyhedra that is intermediate between a trigonal prism (TP, the distortion angle j= 0°) and a trigonal antiprism (TAP, j=60°). Due to such TP-TAP-distorted geometry, these polyhedra have no inversion centre and possess an inherent chirality. On the other hand, an equiprobability of their left(Δ)-and right(Δ)-handed distortions, and a rapid transition between them cause the absence of an optical activity of these cage complexes. Hence, a selective fixation of one of these C 3 -distorted conformations may result in an appearance of a CD signal in their spectra in the range of the visible metal-to-ligand charge transfer (MLCT) bands (400-600 nm). Indeed, we have recently found [3] an ability of the above quasiaromatic polyazomethine complexes to give a CD response upon their supramolecular interactions with or covalent binding to the chiral inductors, such as biomacromolecules, or low-molecular optically active compounds, respectively. To observe an effect of the lowmolecular chiral inductor, the CD spectra of the dicarboxyphenylsulfide iron(II) clathrochelates upon their covalent binding to R(+)-1-phenylethylamine, giving the corresponding diamide-functionalized cage complexes, have been measured. [3] In this paper, we report the synthesis, X-ray structure and spectral characteristics of their monofunctionalized macrobicyclic analogs, the molecules of which bear the single optically active amide group and, therefore, are prospective optically active compounds and CD probes for biomacromolecules. spectrometer in reflecto-mol mode. The ionization was induced by UV-laser with wavelength 337 nm. The samples were applied to a nickel plate, 2,5-dihydroxybenzoic acid was used as the matrix. The accuracy of measurements was 0.1 %.
UV-Vis spectra of their solutions in dichloromethane were recorded in the range 230-800 nm with a Varian Cary 50 spectrophotometer. The individual Gaussian components of these spectra were calculated using the Fityk program. [5] 2 (where X is ortho-or meta-, or para-substituent). The corresponding monocarboxyphenylsulfide clathrochelate FeBd 2 (X-HOOCC 6 H 4 S)GmH)(BF) 2 (0.08 g, 0.1 mmol) was dissolved in dry DMSO (2 ml) under argon and a solution of CDI (0.033 g, 0.22 mmol) in DMSO (0.4 ml) was added under the intensive stirring. The reac-
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6 H 4 S) GmH)(BF)
Experimental
The reagents used, sorbents, organic bases and solvents were obtained commercially (Sigma-Aldrich). The monocarboxylcontaining clathrochelate precursors FeBd 2 (X-HOOCC 6 H 4 S)GmH) (BF) 2 (where Bd 2-is α-benzyldioxime dianion, Gm is glyoxime residue, X is ortho-or meta-, or para-substituent) were prepared as described in. MALDI-TOF mass spectra of the monofunctionalized clathrochelates were recorded with and without the matrix using a MALDI-TOF-MS Bruker Autoflex II (Bruker Daltonics) mass
The Monofunctionulized Amide-Terminated Phenylsulfide Iron(II) Clathrochelates tion mixture was stirred at 50 °C for 40 min, then it was cooled to 20 °C, degassed from CO 2 impurities with argon and R(+)-1-phenylethylamine (0.036 g, 0.3 mmol) was added. The reaction mixture was stirred at r.t. for 1 h and precipitated with 2 % aqueous hydrochloric acid (25 ml). The precipitate was filtered off, washed with water and extracted with dichloromethane. The extract was precipitated with hexane, giving the crude product with a purity of approximately 90 %. This product was flash-chromatographically separated on silica gel (eluent: dichloromethane -iso-propanol 99:1 mixture) and three elutes were obtained. The second elute was collected and evaporated to dryness. The solid residue was extracted with dichloromethane and the extract was precipitated with hexane. , µ=1.266 mm -1 . The intensities of 25419 reflections were measured at BELOK beamline of the Kurchatov Synchrotron Radiation Source (Moscow, Russia) at a wavelength of 0.9699 Å using a Rayonix SX-165 CCD detector and merged using SCALA package. [6] The structure was solved by the direct method and refined by full-matrix least squares against F 2 . Non-hydrogen atoms were refined in anisotropic approximation except one nitrogen and two carbon atoms: PhCH(CH 3 )NH group is equiprobably disordered over two sites and non-hydrogen atoms of its CH(CH 3 ) NH moiety were refined isotropically. Positions of the H(C) atoms were calculated. All hydrogen atoms were included in the refinement using the riding model with U iso (H)=nU eq (X), where n = 1.5 for methyl groups and 1.2 for other atoms. The refinement converged to R1=0.1316 for 6726 observed reflections with I>2σ(I); wR2 and GOF were 0.3373 and 1.04 for 9918 independent reflections. Poor reflection ability of the X-rayed crystal did not allow us to solve the structure from the data obtained with laboratory sources, or to obtain the better convergence factors for the data obtained with synchrotron radiation. All calculations were made using the SHELXL-2015 [7] and OLEX2 [8] program packages. The residual density from one highly disordered solvent molecule was treated using SQUEEZE/PLATON program. [9] CCDC 1587426 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html.
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Results and Discussion
The monoamide-terminated cage complexes FeBd 2 (X-R(+)-PhCH(CH 3 )NHOCC 6 H 4 S)GmH)(BF) 2 were obtained by Scheme 1 using one-pot two-step synthetic procedure that includes (i) the reaction of its monocarboxyl-terminated clathrochelate precursor with CDI, giving the corresponding azaheterocyclic-terminated intermediate, and (ii) its cleavage with R(+)-phenylethylamine leading to the target iron(II) clathrochelate with terminal optically active amide group.
The complexes obtained were characterized using elemental analysis, MALDI-TOF mass-spectrometry, IR, UV-Vis, 1 H and 13 C{ 1 H} NMR spectra, and by single crystal X-ray diffraction (for one of these clathrochelates). The most intensive peaks in the positive range of their MALDI-TOF mass spectra belong to the corresponding molecular ions. 13 C NMR spectra suggests the absence of the C 2 symmetry axes passing through the middles of the chelate C-C bonds and of the symmetry plane also passing through these points and the encapsulated iron(II) ion as well.
Molecular structure of the complex FeBd 2 ((meta-R(+)-PhCH(CH 3 )NHOCC 6 H 4 S)GmH)(BF) 2 is shown in Figure 6 ; main geometrical parameters of its clathrochelate framework, as well as those of three fluoroboron-capped monofunctionalized sulfide iron(II) clathrochelates with known X-ray structures, [2, 10, 11] are listed in Table 1 . In all their molecules, the encapsulated iron(II) ion is situated in the centre of its h of the FeN 6 -polyhedra (2.33-2.40 Å) and the bite (chelate) angles α (78.2-78.8°) are characteristic of the fluoroboroncapped iron(II) clathrochelates. [1, 2] The terminal PhCH(CH 3 )NH group of the molecule FeBd 2 ((meta-R(+)-PhCH(CH 3 )NHOCC 6 H 4 S)GmH)(BF) 2 in the above X-rayed crystal is equiprobably disordered over two sites with opposite orientation of its methyl and phenyl groups. Nevertheless, this disorder does not prevent a formation of the corresponding N-H...F-bonded clathrochelate dimers (Figure 7 ) through the hydrogen bonding between the terminal amide moiety of the single functionalizing ribbed substituent of one of these ) band at approximately 450 nm assigned to the metal-to-ligand Fed→Lp* charge transfer. The bands in the UV range of these spectra were assigned to p-p* transitions in the α-benzildioximate chelate fragments of their macrobicyclic ligands, and to those of the same nature in the arylsulfide ribbed moiety and in the terminal R(+)-1-phenylethylamine group as well.
Conclusions
Thus, for the first time, we prepared the iron(II) cage complexes with terminal optically active group and characterized them using various spectral techniques and by single crystal X-ray diffraction. These clathrochelates can be regarded as prospective chiroptical CD-active probes for protein structures (in particular, for sensing of their conformational changes).
